Wound healing is a complex matrix and overlapping process. In order to accelerate the healing process and minimize bacterial infection, lightbased therapy was applied to stimulate bioreaction to improve healing. The aim of this paper is to review the effects induced by light source (laser and incoherent light like LED) on different biological targets. The light based therapy techniques were categorized according to the wavelength, energy density, type of irradiance and activity of tissues in the healing process. Out of 80 cases, 77% were animal studies, 5% were human studies and 18% were cell studies. Around 75% of light based therapy has an advantage on tissue interaction and 25% has no effect or inhibition on the healing process. The appropriate dose appears to be between 1 and 5 J cm −2 . At shorter wavelength, photobiostimulation would be effective with a high frequently administrated lowenergy dose. On the other hand, for longer wavelength it is the reverse, i.e., more effective with a low frequent treated schedule and a highenergy dose.
Background
Wounds are divided into two types: internal and external. An internal wound is created due to circulation, neuropathy or medical illness. Skin is a protective barrier for isolation of the body and environment. Breaking the barrier allows the creation of an external wound such as an incision, trauma or burn [1] . The external wound can repair itself via the normal healing process. This involves four stages including hemo stasis, inflammation, proliferation and remodeling [2] [3] [4] . The healing time depends on the size of the wound, but the healing rate is an independent process [5] . When the barrier protection is open and exposed to the environment, bacteria are allowed to build up and breeding occurs in the wound site. Clinical treatment is needed in this case. In conventional treatment, medicine is applied to the wound such as antibiotics, dress ing and ointment to prevent bacterial infection, activate meta bolism and reduce wound pain [6] . Nowadays, laser therapy is attracting research applying it to in vitro and in vivo targets. Laser therapy is a drugfree, extremely safe, easy to apply pro cedure and complements many traditional therapies. Hence, it is much better than conventional treatment. Most importantly, laser therapy can minimize the risk of bacterial infection and thus accelerate the healing process.
results that led towards a new discovery in using laser treat ment [7] . Laser therapy involves the application of a lowpower laser that is irradiated on a wound in order to stimulate the healing process. It is also referred to as lowlevel laser therapy (LLLT) [8, 9] . The important mechanism in laser therapy is photobiostimulation. LLLT is a biophotonic technique which stimulates the biological cell through the absorption of pho tons [10] [11] [12] . Photobiostimulation research has been reported since the introduction of lasers in the biological field and clini cal applications [13] [14] [15] [16] [17] . Nevertheless, the exact mechanism of LLLT is not yet fully understood. Theoretically, the laser is absorbed by a light agent such as the mitochondria, hemo globin and melanin. Once the tissue has absorbed the light, an electron in lower orbit will be excited and produce internal conversion energy. Intercellular communication is motivated by bioreaction and restores the normal cell function [17] . Laser therapy reduces the inflammatory reactions, increases collagen deposition and induces greater proliferation [18, 19] .
The effects of lasers will depend on parameters like power density and exposure time. The possible result might be to stimulate or inhibit the healing process [20] . Several studies have been carried out utilizing different types of lasers. The absorption relies on light properties such as monochromatism, noncoherence and polarization as well as depending also on the energy gap of the biomolecule [21, 22] . The intensity of light also affects the outcome of the laser treatment. High power lasers are commonly used to cut through tissue. They are suit able in surgery for cutting or cauterizing. Exposure to a high power laser for treatment has limitations, as over exposure will cause disaster. Lowpower lasers will stimulate tissue repair through a process of photobiostimulation. These lowlevel lasers do not have enough power to damage tissue, consequently a heating effect, damage to the skin and side effects may not occur [23] . Different parameters used in various studies raise a lot of complications and difficulties for comparison. Laser therapy has many biological effects either on in vivo or in vitro samples. Amongst them are accelerated tissue repair and cell growth, reduced fibrous tissue formation, anti inflammation, analgesia, improved vascular activity and increased metabolic activity. The LLLT treatment has been accepted among health care practitioners. However, there is still a lack of documenta tion regarding the application of LLLT.
The aim of this work is to review the effects of LLLT and its consequences. The dependence on the energy density, types of irradiance and activities of tissue in the healing process after irradiance with LLLT will be discussed in detail. In general, typical medical lasers operate in the wavelength range between ultraviolet and infrared. The spectrum of ultraviolet radiation is in the range 180-400 nm. An excimer laser is an example of an ultraviolet laser. Excimer lasers normally have large beam spot size. This is a disadvantage in medical applications due to low power density. Furthermore, due to the shallow opti cal penetration depth, the excimer laser is normally used in photoablation to remove superficial surface tissue. This is the mechanism for eye surgery to repair astigmatism and myopia, keratomileusis, diabetic retinopathy and microbial keratitis [24] [25] [26] [27] [28] . On the other hand, for a long wavelength radiation, it is able to penetrate deeper into the tissue. Thus, the choice of a specific laser wavelength will depend on its penetration depth into the tissue. As the wavelength is increased further into the infrared region, light is absorbed more by water which limits its penetration into the desired tissue [29] . LLLT can be oper ated in continuous or pulse mode.
LLLT targets and laser sources
Various biological targets and laser sources have been reported for wound healing treatment. 77% of wound healing studies used animals as targets, 4.8% were performed on humans and 18% on cells. 87.5% of the animal studies used rats as experi mental subjects. The wavelength of laser used in the treatment covered the range from visible (470 nm) to infrared. Nearly 91% of the irradiance is in the form of continuous wave (cw) and the other 9% in pulse mode. Some reports claimed that the laser irradiation might enhance, inhibit or have no effect on in vivo or in vitro targets. Around 75% of laser therapies have a positive effect on tissue interaction and 25% have no effect or inhibit the healing process.
The most popular wavelength in LLLT is 632.8 nm, fol lowed by 670 nm (as shown in figure 1 ). Other lasers, including diode laser at 904 nm, CO 2 (10.6 µm), Nd : YAG (1.064 µm), and ND : YLF (1.047 µm), are commonly employed as a source of illumination. In other cases, a combination of two or more different wavelengths is also used for wound treatment. Almost 60% of the combination techniques comprised short wavelength (632.8 nm), and long wavelength (904 nm).
Energy (J) or energy density (J cm −2 ) is often used as an important parameter to describe the LLLT performance. Energy density is expressed as follows [22] (1)
The range of energy density normally applied for treatment varies from 0.1 to 140 J cm −2 . LLLT often operates within 1-5 J cm −2 and it occupies almost 60% in the case studied. The frequent doses are 1-4 J cm −2 . The highenergy dose is considered in the range of 15-20 J cm −2 . Wound parameters are an important aspect to be consid ered in order to measure the progress of wound healing. This is the way to quantify and monitor the healing progression. There are several familiar variables to estimate the rate of healing, such as wound contraction size, histology, tensile strength, blood flow and scoring system. In this study, 58% of researchers used histology to establish a wound healing progress. A scoring system for the histological assessment of wound healing is commonly performed by edema, leucocytes, macrophages, granulation tissue, fibroblasts, collagen and epithelialization [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] .
Types of light source

Visible violet-blue-green-yellow laser
The case studies in this spectral range are listed in table 1. The wavelengths covered are within the range 442-532 nm.
AlWatban et al [40, 41] have compared the wound treatment by using various light sources including 442, 488, 632.8, 780 and 830 nm by fixing the energy density at 20 J cm −2 and treatment schedule. Most of the results have revealed stimu lation in wound healing as compared to the control. He-Ne with dose of 20 J cm −2 has been attributed the most effective treatment, whereas the He-Cd violet-blue laser was the least. This meant the red laser was better for treatment than the violet-blue laser. The AlWatban group [42] has conducted a similar investigation by using argon blue-green laser (488-514 nm) and krypton red laser (670 nm). They have found that the argon laser with dose 20 J cm −2 has shown more effective treatment than the krypton laser. Furthermore, zero biostimulation at dose of 80-100 J cm −2 was realized but inhibition occurs at 140 J cm −2 . Consequently, the bluegreen laser is more appropriate for wound treatment than the red laser. This is contradictory with previous results [40] . Adamskaya et al [43] have conducted wound treatment by combining two light emitting diodes (LED). The LED was comprised of blue light (470 nm) and red light (630 nm) that was used to treat an excision rat model. Significantly, blue light contracted the wound size better than and enhanced epi thelization compared to red light.
Poon et al [44] have accomplished in vitro biostimulation of dermal fibroblasts by using 532 nm Qswitched Nd : YAG. The laser was operated at a maximum energy of 200 mJ per pulse with pulse duration of 4 ns, in various modes includ ing single shot and repetitive at the rates of 1, 2, 5 and 10 Hz. There is no significant difference in collagen synthesis. But the delay in collagen remodeling activity between the stimu lated fibroblasts and controls is noticeable. Therefore, wound healing may be delayed without typical clinical features of infection [45] . Staphylococcus aureus and Pseudomonas aeruginosa are the common aerobes found in the human tract and on the skin. . Thus, blue light can produce a bactericidal effect.
Visible red laser
In this section, 40 cases have been studied. The range of lasers used in this wound treatment are listed in table 2. Almost half of them exploit lasers at 632.8 nm; this is the most popular wavelength used to expose wounds. Kana et al [47] have applied low and high energy density lasers for the wound treatment. They used energy densities of 4 and 20 J cm −2 and daily exposure on rat wounds with 632.8 nm. The low irra diation energy density showed a faster contracted wound area than the control group. This indicates that the energy den sity of 4 J cm −2 is capable of accelerating wound healing. In contrast, the high dose irradiation has no effect on the heal ing process. This finding is matched by Mester's result [7] . Other related work is also reported by Surinchak et al [48] and Lyons et al [49] . Both groups have claimed that LLLT is capable of breaking the strength of rat skin following irradia tion with energy not exceeding 4.5 J cm −2 . The types of samples also influence the outcome of wound treatment. No significant effects are realized when rabbit, swine and horse were used as samples [48, [50] [51] [52] . Ghamsari et al [53] have studied the effect of He-Ne on suture wounds of the teat in dairy cattle. The collagen fibers and tensile strength changed quite significantly after being treated by He-Ne radi ation. Different species of animals may have different skin components, hence the characteristics of penetration depth of cellular molecules also differ. Some studies indicate that line arly polarized light can survive to propagate through long dis tances in biological tissue [54] . AlWatban et al [41] utilized linear polarized He-Ne to cure an artificial wound with energy density in the range up to 60 J cm −2 . The acceleration of 27% in healing time and 49% in contraction area of wound was achieved after administering a dose of 25 J cm −2 . AlWatban et al [40] [41] [42] [55] [56] [57] [58] [59] [60] claimed that acceleration in wound heal ing is dependent upon the dose. The rate of healing process will increase up to a certain stage. The stimulatory effect was observed to decrease and inhibit beyond the optimum level. Photobiostimulation effect was dependent on the energy den sity of either in vivo or in vitro target. In vitro cellular studies [61] [62] [63] [64] using human skin fibroblasts, and He-Ne lasers at various energy densities were utilized. The results were suf ficient to produce measurable changes causing an increase in procollagen production. Although these findings indicate that the human skin fibroblast had displayed optimum effect at dose 5 J cm −2 , no stimulatory effect is revealed at a dose lower than 0.5 J cm −2 . Meanwhile, cellular damage occurs after the given dose is exceeded by 10 J cm −2 . High doses are usually used in photodynamic therapy [10] .
Photobiostimulation is not only dosedependent, but also wavelengthdependent. In the 20th century, most research was conducted using wavelengths 635 , 636 and 660 nm. The results showed a lack of stimulatory action either in low or high dosages [65] [66] [67] [68] . The 670 nm laser was developed in the 20th century. The stimulatory function is understood to be dif ferent compared to a wavelength in the range 635-660 nm. An opposite finding is noted, whereby the healing process becomes more effective at a lower dosage.
Puglzese et al [69] have exploited GaAlAs laser at 670 nm with an output power of 9 mW. A Wistar rat was used as target. Laser radiation with low energy showed a stimulating effect on the target. An inhibiting effect is obtained after exposure to highenergy radiation. Referring to table 2, 4 J cm −2 is the dom inant dosage to enhance the healing process, with the results in good agreement with several other researchers [69] [70] [71] .
Infrared laser
Infrared radiation is divided into three categories: near infrared (0.8-1.5 µm), middleinfrared (1.5-5.6 µm) and farinfrared radiation (5.6-10 000 µm). Near, middle and farinfrared rays have different photobiological effects [72] . Nearinfrared wavelengths are weakly absorbed and penetrate deeply into the tissue (this penetration is, however, limited by optical scattering). In the middle and farinfrared, water absorbs intensely, with light then only having very superficial effects [73] . The schematic diagram in figure 2 illustrates the effect of an infrared beam on tissue.
As the laser penetrates and is absorbed by soft tissue, a stimulatory effect occurs due to the activation of adenosine triphosphate (ATP) through bioreaction. Table 3 summa rizes the studies that involve infrared laser to stimulate the target. Grossman et al [74] conducted treatment by using a nearinfrared diode laser at 780 nm with an output power of 6.5 mW. Proliferation of a culture of normal human keratino cytes in vitro was studied at various energy densities from 0 to 3.6 J cm −2 . Proliferation in vivo condition was also conducted in order to accelerate wound healing. The 780 nmirradiation was claimed to induce a positive effect on wound healing.
LLLT has shown a variety of effects including increased maturation of collagen, fibroblasts and capillary vessels. The treatment was also capable of reducing pain and decreasing inflammation [75] [76] [77] [78] [79] . Laser therapy has been carried out using nearinfrared at 830 nm with an output power of 10-40 mW. The healing process has shown a stimulation effect when treated with low energy density not exceeding 5 J cm −2 but tends to inhibit as the doses approach 20 J cm −2 [77, [80] [81] [82] . The healing process was also studied by comparing LLLT treatment with other method. As an example, comparisons between laser and ultrasound have been reviewed. A GaAs laser at 830 nm with an output power of 30 mW was utilized. The sample was exposed daily to a laser for interations of 1 min or an energy density of 0.5 J cm −2 . Meanwhile, treat ment with ultrasound (2 ms on; 8 ms off) was performed by exposing the sample using a power density of 0.1 W cm −2 for a duration of 5 min daily. Laser and ultrasound treatment have shown significant effects as compared to control group. Nevertheless, the ultrasound group did not achieve a statisti cally significant effect on wound healing [77] .
GaAs laser at 904 nm is a popular light source in the infrared region. A continuous 904 nm GaAs was employed as a source for treatment. The energy density of 1 J cm −2 was exposed for 10 min per day. The treatment was carried out for 10 d. The find ing was an increase in fibroblasts and wound breaking, i.e. it was beneficial for proliferation, as decreasing the macrophage and PNL means decreasing the inflammatory duration [79] .
GaAlAs diode laser at 980 nm is also used for stimulating wound healing processes. In this study, the laser was oper ated at variable power within the range 1.5-10 W. With such a long wavelength and high power laser, the beneficial effect can only be achieved after a short interaction time per treat ment for long interval times [83, 84] . Table 4 lists the variation of powers and days of treatment using 980 nm. The interaction time for every treatment is kept constant at 1 s.
Histology was analysed including epitheliazation, cellular content, granulation tissue, collagen deposition and vascularity by microscopic observation. Treatment with 5 W for 2 d was found to significantly enhance the healing process [84] . LLLT will regen erate the lymphatic system during the process of healing, which affects the occurrence of oedema and adhesion. The quicker the fluid waste products oedema can be drained, the better the poten tial of wound healing. The lymphatic system is primarily respon sible for the evacuation of this oedema. If the lymphatic system is destroyed by the incision, then the regeneration process of these lymph vessels will determine the evolution of the scar [85] .
A number of studies have reported that longer wavelengths (in the farinfrared region) are also able to motivate the bio reaction to accelerate the healing process [86] [87] [88] . Nd : YAG laser in pulse mode, for example, has been employed in the wound healing process. Two pulse modes have been con ducted: 20 pulses per second (pps) with power of 1.75 W and 30 pps with power of 3 W, respectively. Differences in the dis tribution of matrix proteins during healing and the coagulation of the tissues were revealed after exposure to low energy laser treatment. This explained the minimal scarring, contraction and pigmentation of the lasered tissues as compared to conven tional incisions [89] . The success of Nd : YAG laser pulse for stimulating the matrix process during healing does not mean that this will also apply for the continuous mode.
Ribeiro et al [86] used human skin fibroblast cells and irra diated with variable lasers including 632.8, 830 and 1064 nm at low energy density level. This study showed that cells had a high degree of haptotaxis and migration as well as ATP lumi nescence at 632.8 nm but no response at 1064 nm. This in con trast with previous claims that farinfrared is also capable of accelerating the healing process. In order to ensure this claim, another longer wavelength laser was investigated. In this case, de Freitas et al [90] used CO 2 gas laser to quantify statistically the myofibroblasts and compared with conventional treatments in the rat model. The result confirmed that the conventional treatment showed an increase in the number of myofibroblasts during the healing which is far better than CO 2 laser therapy. The threshold energy density and intensity are biologically independent parameters. The independence is of practical importance, at least for medical applications. Clearly, photo biological effects are more dominant at a low energy density level based on the account of the success and the failure in most of the cold laser uses since Mester's pioneering work [91, 92] .
Alternatives to laser light source
Research in this domain mostly covers lowlevel laser studies; however, due to the high cost and safety aspect there is a need to consider other alternative light sources [76] . Recently, LED has been favoured as an alternative source for lightbased therapy in medical applications. Several researchers tried to improve the healing process by noncoherent light at differ ent wavelengths. Table 5 lists the related works that deal with noncoherent light sources. Early studies by Pinheiro et al [93] irradiated four equidistant points with laser light (685 nm) or illuminated with wide range polarized light (400-2000 nm), both with doses of 20-40 J cm −2 . Wounds treated by laser ther apy with a dose of 20 J cm −2 showed mild hyperemia, inflam mation varied from moderate to intense, larger number of myofibroblasts without reepithelialization. By increasing the dose to 40 J cm −2 , exuberant neovascularization, severe hyper emia, moderate to severe inflammation, large collagen depo sition and fewer myofibroblasts were observed. As a result, 685 nm laser therapy is capable of increasing collagen deposi tion and better organization on healing wounds. The number of myofibroblast was increased by using polarized light with low dosage exposure.
Blue LED has great potential as light therapy for wound healing. It can significantly influence biological systems, improving perfusion by releasing nitric oxide from nitrosyl complexes with hemoglobin in a skin flap model in rats. A comparison between red LED (630 nm) and blue LED (470 nm) has been reported by Adamskaya et al [43] . Although blue light does not penetrate tissue as deep as red light, blue light significantly contracts wound area and decreases keratin1 mRNA based on planimeter measurement and his tology analysis.
In more complicated matters, debate has occurred regard ing determining whether the coherent and monochromatic laser is a better performer than noncoherent light such as LED or a filtered lamp. Comparisons have been made which prove that LED has yielded a more beneficial stimulation effect than LLLT [76, 94] . The results have shown that the effects of a serial LED probe such as green (570 nm) and red (660 nm) were found significantly higher than a lowlevel light probe. Infrared LED and LLL source provided a higher number of cells than the control cultures but no significant statistical difference. According to the amount of prolifera tion, the green probe yielded a significantly higher number of cells than red, infrared and lowlevel laser. Other related work is also reported by DemidovaRice et al [94] . A com parison study has been conducted between four different wavelengths in the ranges of red and nearinfrared light centered at 635, 670, 720, and 820 nm and a coherent beam of 633 nm. An 830 nm light source has revealed the most pronounced results in stimulating wound healing. However, no significant difference is observed between noncoherent 635 nm and coherent 633 nm in stimulation action in the rat model.
Combination wavelength
Previous studies mostly performed with a single light source. However, there are some findings indicating the positive effect in healing processes by combining two or more energy sources. The combination of different energy sources can com prise laser, ultrasound, ultraviolet, electric current, magnetic field and microwave. Related works dealing with combination sources are summarized in table 6. Papageorgiou et al [95] have carried out a study on acne vulgarism treatment. A com parison treatment was conducted by using blue light (415 nm), mixed blue and red light (415-660 nm), cool white light and 5% benzoyl peroxide cream. The results showed that the laser treatment with mixed blue and red light was effective in inflam matory lesions. Guffey et al [96] exploited blue laser 405 nm combined with infrared laser 880 nm on staphylococcus aureus and pseudomonas aeruginosa to depress and reduce the num ber of bacteria colonies. They claimed that such a combination has shown the most effective way to kill both bacteria.
Generally, blue light is commonly used for bacteri cide. Combination red and infrared light has been reported by Braverman et al [97] , who dealt with 72 rabbits. Heliumneon laser radiation (He-Ne; 632.8 nm) and pulsed infrared laser radiation (IR; 904 nm) were combined to irradiate skin wounds. The tensile strength for the laser treated groups was more significant than the nonirradiated group; however, there were no significant differences in statistical data between the laser group for wound healing, collagen area and epidermal growth. Similar work was also reported by Lievens [85] , who studied regeneration of the lymphatic system during the process of wound healing by combining cw He-Ne 632 nm and pulse infrared laser 904 nm. The frequency of the pulsed infrared laser is 1000 Hz with an energy density of 2.1 J cm −2 . The energy density of He-Ne laser is 1.2 J cm −2 to treat 500 mice. The treatment is carried out twice daily. Laser treatment has enhanced the adhesion, oedema and the lymph vessels, thus accelerating the vein regeneration process of blood and lymph vessels during wound healing. Simunovic et al [122] studied this using a human specimen. They claimed that the wound healing, pain relief and functional recovery of patients was significantly improved for the group of patients treated by LLLT compared to untreated patients.
The combination of 685 and 830 nm reveals increased col lagen production and organization [7] . Better repair of wounds was found by using energy density of 20 J cm −2 as compared to that with 50 J cm −2 . Combining the light exposure is more effective than using a single laser. In contrast, a similar experi ment [80] obtained different results. Histological analysis was used to investigate the systemic action and repair process of wounds produced on the backs of rats and treated with red, infrared or both lasers applied directly or indirectly to the wounds. The combined application of red and infrared lasers resulted in the most evident systemic effect on the repair of skin wounds produced in rats.
Recently wounds have been treated by combining two light sources comprised of 685 and 830 nm [98] . Lack of beneficial effect is revealed after irradiation with high energy density of 22 J cm −2 . Combinations were also organized between light source and other techniques. For example, two light source treat ments were compared between ultrasound and ultravioletC (US/UVC) [99] . The light group combined a beam of 820 nm (energy density of 120 J cm −2 ) with noncoherent light of 4 J cm −2 operating in pulse mode with a repetition rate of 5000 pulses per second (pps). In this study, humans were used as targets. The patients were exposed three times weekly with the combination of light sources; and five times weekly for the combination of ultrasound (US) group (3 MHz) with ultravioletC group (250 nm). The combination of US/UVC group has shown an advantage in comparison to the light sources group. This is possibly due to the tissues being absor bent without selection of the optimum characteristic [99] . Overall, the combination of irradiation was found to be more effective in comparison with single irradiation. The longer wavelength indicates a significant difference and enhances the effective healing.
Summary and future trend
Optical technology is a promising technique to replace con ventional wound treatment. Less cream or any medicine applied on the wound is normal practice in a conventional method. Lasers and noncoherent light sources like LED can surpass traditional medicine, resulting in less pain, faster and simple treatment. Laser wound treatment is a nondestructive technique, which is nontouch, and directly illuminated on to the wound. As a result, the wound area is sterilized, killing the bacteria and enhancing the collagen production (this is an important agent in the healing process). No need to clean, apply medicine or bandages. Such treatment is very promis ing, economical and fast. From the many light sources that have been discussed earlier, blue and nearinfrared lasers have shown better performance in wound healing process. Therefore, further investigation using these two light sources is needed to as well as maybe the potential to combine both of them for better treatment in wound healing. In general, the relationship between the optimum doses with respect to wave length is shown in figure 3 . There is an optimum dose that is at 25 J cm −2 corresponding to a wavelength in the red region. The blue and nearinfrared have the smallest optimum dose of about 1 J cm −2 for wound healing treatment.
Conclusion
In summary, lowlevel laser therapy at the appropriate dosi metric parameter can provide an acceleration effect in wound healing. The biostimulatory effects were dependent on the energy density or doses and laser wavelengths. Different light sources had different interactions with wounds. The visible laser region is capable of accelerating the wound repair via enhanced proliferation of cells and a reduction in inflamma tion. With in vivo sampling, the appropriate dose appears to be in the range 1-5 J cm −2 , corresponding to a wavelength of 632.8 nm. It becomes more effective when administered on a daily basis. In vitro sampling, the suitable dose to stimu late human fibroblast is in the range 0.5-5.0 J cm −2 . For an infrared laser, the frequency of administering therapy should be less than visible laser therapy and the energy dose around 0.5-10.0 J cm −2 . There is still a lack of attention given to energy doses higher than 10 J cm −2 . The infrared laser will achieve optimum treatment with high power dose and short exposure time. Apparently, a combination technique may join the effects of antibacterial and antiinflammatory action in order to accelerate the healing process. Larger differences between two wavelengths perhaps increases the stimulatory effects. Polarized light would be more effective than an unpo larized light source. Finally, it is better to highlight that there is no significant difference between laser and LED effects on wound healing processes.
